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Relationships among dietary fiber components and the digestibility of energy, 
dietary fiber, and amino acids and energy content of nine corn coproducts fed to 
growing pigs 
Abstract 
An experiment was conducted to determine a best fitting dietary fiber (DF) component to estimate the 
effect of DF concentration on the digestibility of energy, DF, and AA and energy value of 9 corn 
coproducts: corn bran (37.0% total nonstarch polysaccharides [NSP]); corn bran with solubles (17.1% 
NSP); cooked corn distillers dried grains with solubles (DDGS; 20.4% NSP); reduced oil DDGS (25.0% 
NSP); uncooked DDGS (22.0% NSP); high protein distillers dried grains (21.9% NSP); dehulled, degermed 
corn (1.1% NSP); corn germ meal (44.4% NSP); and corn gluten meal (4.9% NSP). A total of 20 growing 
pigs (initial BW: 25.9 ± 2.5 kg) were fitted with a T-cannula in the distal ileum and allotted to 10 dietary 
treatment groups in a 4-period incomplete block design with 8 observations per treatment. Treatments 
included a corn–soybean meal–based basal diet and 9 diets obtained by mixing 70% of the basal diet 
with 30% of the test ingredient. In tested ingredients, 11 DF components were determined: 1) ADF, 2) NDF, 
3) total dietary fiber, 4) hemicellulose, 5) total NSP, 6) NSP arabinose, 7) NSP xylose, 8) NSP mannose, 9) 
NSP glucose, 10) NSP galactose, and 11) arabinoxylan. The apparent ileal digestibility (AID) and apparent 
total tract digestibility (ATTD) of GE, DM, and NDF and the AID of AA of ingredients were measured. A 
single best fitting DF component was assessed and ranked for each trait, showing that arabinoxylan 
concentration best explained variance in AID of GE (R2 = 0.65; cubic, P < 0.01) and DM (R2 = 0.67; cubic, P 
< 0.01). The NSP xylose residue best explained variance in ATTD of GE (R2 = 0.80; cubic, P < 0.01), DM 
(R2 = 0.78; cubic, P < 0.01), and NDF (R2 = 0.63; cubic, P < 0.01); AID of Met (R2 = 0.40; cubic, P = 0.02), 
Met + Cys (R2 = 0.44; cubic, P = 0.04), and Trp (R2 = 0.11; cubic, P = 0.04); and DE (R2 = 0.66; linear, P = 
0.02) and ME (R2 = 0.71; cubic, P = 0.01) values. The AID of Lys was not predictable (P > 0.05) from the 
DF concentration. In conclusion, the arabinoxylan and NSP xylose residue were the DF components that 
best explained variation due to DF concentration and, with the exception of AID of Lys, can be used to 
predict the digestibility of energy and DF and the DE and ME values in corn coproducts. 
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 INTRODUCTION
Corn coproducts are typically rich in dietary fiber 
(DF) but variable in starch, AA, and fat. Knowledge 
of the concentration and composition of DF of feed 
ingredients is important, because it may reduce AA 
and energy digestibility (Farrell, 1973; Noblet and 
Perez, 1993; Souffrant, 2001). The DF in corn and 
coproducts is resistant to fermentation, consisting of 
insoluble nonstarch polysaccharides (NSP) such as 
cellulose, arabinoxylans, and lignin (Bach Knudsen, 
Relationships among dietary fiber components and the digestibility of energy, 
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ABSTRACT: An experiment was conducted to deter-
mine a best fitting dietary fiber (DF) component to esti-
mate the effect of DF concentration on the digestibility of 
energy, DF, and AA and energy value of 9 corn coprod-
ucts: corn bran (37.0% total nonstarch polysaccharides 
[NSP]); corn bran with solubles (17.1% NSP); cooked 
corn distillers dried grains with solubles (DDGS; 20.4% 
NSP); reduced oil DDGS (25.0% NSP); uncooked DDGS 
(22.0% NSP); high protein distillers dried grains (21.9% 
NSP); dehulled, degermed corn (1.1% NSP); corn germ 
meal (44.4% NSP); and corn gluten meal (4.9% NSP). 
A total of 20 growing pigs (initial BW: 25.9 ± 2.5 kg) 
were fitted with a T-cannula in the distal ileum and allot-
ted to 10 dietary treatment groups in a 4-period incom-
plete block design with 8 observations per treatment. 
Treatments included a corn–soybean meal–based basal 
diet and 9 diets obtained by mixing 70% of the basal diet 
with 30% of the test ingredient. In tested ingredients, 
11 DF components were determined: 1) ADF, 2) NDF, 
3) total dietary fiber, 4) hemicellulose, 5) total NSP, 6) 
NSP arabinose, 7) NSP xylose, 8) NSP mannose, 9) NSP 
glucose, 10) NSP galactose, and 11) arabinoxylan. The 
apparent ileal digestibility (AID) and apparent total tract 
digestibility (ATTD) of GE, DM, and NDF and the AID 
of AA of ingredients were measured. A single best fitting 
DF component was assessed and ranked for each trait, 
showing that arabinoxylan concentration best explained 
variance in AID of GE (R2 = 0.65; cubic, P < 0.01) and 
DM (R2 = 0.67; cubic, P < 0.01). The NSP xylose resi-
due best explained variance in ATTD of GE (R2 = 0.80; 
cubic, P < 0.01), DM (R2 = 0.78; cubic, P < 0.01), and 
NDF (R2 = 0.63; cubic, P < 0.01); AID of Met (R2 = 
0.40; cubic, P = 0.02), Met + Cys (R2 = 0.44; cubic, P = 
0.04), and Trp (R2 = 0.11; cubic, P = 0.04); and DE (R2 = 
0.66; linear, P = 0.02) and ME (R2 = 0.71; cubic, P = 
0.01) values. The AID of Lys was not predictable (P > 
0.05) from the DF concentration. In conclusion, the ara-
binoxylan and NSP xylose residue were the DF compo-
nents that best explained variation due to DF concentra-
tion and, with the exception of AID of Lys, can be used 
to predict the digestibility of energy and DF and the DE 
and ME values in corn coproducts.
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1997; Jaworski, 2012). These polysaccharides are main-
ly polymers of hexoses (D-glucose, D-galactose, and 
D-mannose) and pentoses (L-arabinose and D-xylose) 
joined by glycosidic linkages. Common assays to deter-
mine the DF concentration of a feed ingredient include 
ADF and NDF. Classification by differences in solubility 
in acid and alkali or in neutral and acid detergents lacks 
precision with respect to chemical composition and bio-
logical function. Therefore, the nutritional relevance of 
values obtained using these methods in monogastric nu-
trition is questionable (Choct, 1997). The analysis for 
total NSP and its monosaccharide residues may be a tool 
to better explain the effect of DF on the nutritional value 
of corn coproducts.
Increasing the efficiency of starch and oil extraction 
from the corn grain, resulting in changes in chemical 
composition of corn coproducts, present a challenge to 
estimate their nutritional value. Fairbairn et al. (1999) 
reported that NDF or ADF alone accounted for 68 and 
85% of the total variation in DE content of barley, re-
spectively. However, a comprehensive analysis of the 
effects of DF concentration on the nutrient value of corn 
coproducts is unavailable.
In the present study, 9 corn coproducts were selected 
to cover a wide range in DF concentration. The objec-
tive of the study was to determine a best fitting DF com-
ponent to measure the effect of DF concentration on the 
variation in digestibility of energy, DF, and AA and on 
energy values in corn coproducts.
MATERIALS AND METHODS
The experimental protocol was reviewed and ap-
proved by the Institutional Animal Care and Use 
Committee at Iowa State University (9-10-7024-S).
Animals, Housing, and Experimental Design
Twenty growing barrows (progeny of sire line 337 × 
dam line C-22; PIC, Hendersonville, TN) were housed 
in individual pens (1.2 by 1.2 m) equipped with a feeder, 
a cup waterer, and a half-slatted concrete floor in an en-
vironmentally controlled building. All pigs were surgi-
cally fitted with a T-cannula in the distal ileum following 
procedures described by Stein et al. (1998). After recov-
ery from surgery, pigs were weighed (initial BW = 25.9 
± 2.5 kg) and randomly allotted to 10 dietary treatment 
groups in a 4-period incomplete block design, resulting 
in 8 experimental units per treatment. Pigs were not al-
lowed to repeat dietary treatments across periods. Each 
collection period involved 9 d of adaptation to dietary 
treatments followed by 2 d of feces subsample collec-
tion and 3 d of ileal digesta subsample collection.
Dietary Treatments
Dietary treatments included a corn–soybean meal 
basal diet (Table 1) that was formulated to meet or ex-
ceed the nutrient requirements of growing pigs (NRC, 
1998). Nine additional experimental diets were obtained 
by mixing 70% of the basal diet and 30% of the corn 
coproduct to be tested. Corn coproducts evaluated in 
the experiment included corn bran with solubles (CB-S; 
Poet Nutrition, Glenville, MN); corn bran (CB; Lifeline 
Foods, St. Joseph, MO); cooked corn distillers dried 
grains with solubles (DDGS; DDGS-CV; Hawkeye 
Renewables, Iowa Falls, IA); reduced oil DDGS 
(DDGS-RO; Hawkeye Renewables); uncooked DDGS 
(DDGS-BPX; Poet Nutrition, Hanlontown, IA); high 
protein distillers dried grains (HP-DDG; Poet Nutrition, 
Glenville, MN); dehulled, degermed corn (DDC; Bunge 
North America, Atchison, KS); corn germ meal (CGmM; 
Cargill, Eddyville, IA); and corn gluten meal (CGnM; 
Cargill). Diets also contained 0.55% Cr2O3 as an inert 
marker. All pigs received the same daily amount of feed, 
Table 1. Ingredient composition (%) of the basal and 
experimental diets (as-fed basis)1
Item Basal Experimental diets
Ingredient
Corn 65.15 45.60
Soybean meal, 46.5% 29.00 20.30
Corn coproduct – 30.00
Soybean oil 2.00 1.40
Limestone 1.10 0.77
Monocalcium phosphate 1.20 0.84
Cr2O3 0.55 0.39
Vitamin premix2 0.20 0.14
Trace mineral premix3 0.20 0.14
Salt 0.60 0.42
Energy and nutrients4
DM, % 90.36 87.94–92.87
GE, Mcal/kg 3.89 3.85–4.25
CP, % 18.32 13.76–30.29
NDF, % 6.97 5.93–18.67
Lys, % 0.86 0.66–1.04
Thr, % 0.61 0.51–1.03
Met, % 0.24 0.21–0.64
Met + Cys, % 0.47 0.42–1.16
Trp, % 0.23 0.16–0.25
Indispensable AA, % 7.13 5.96–13.69
Dispensable AA, % 8.37 7.25–16.68
1Experimental diets were obtained by mixing 70% of the basal diet and 
30% of the corn coproduct tested.
2Provided per kilogram of complete diet: 6,614 IU of vitamin A, 827 IU of 
vitamin D, 26 IU of vitamin E, 2.6 mg of vitamin K, 29.8 mg of niacin, 16.5 
mg of pantothenic acid, 5.0 mg of riboflavin, and 0.023 mg of vitamin B12.
3Provided per kilogram of complete diet: Zn, 165 mg as ZnSO4; Fe, 165 
mg as FeSO4; Mn, 39 mg as MnSO4; Cu, 17 mg as CuSO4; I, 0.3 mg as 
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which was provided at a level of approximately 90% of 
predicted ad libitum intake of the basal diet. The daily 
feed allowance was divided into 2 equal meals provided 
at 0700 and 1600 h. At the end of each collection period, 
all pigs were weighed and daily feed allowance for the 
next collection period was adjusted.
Sample Collection
After 9 d of adaptation to the diet, feces were col-
lected via grab sampling on d 10 and 11 and stored at 
–20°C. On d 12, 13, and 14, ileal digesta samples were 
collected for 8 h by attaching a 207-mL plastic bag 
(Whirl-Pak; Nasco, Fort Atkinson, WI) to the opened 
cannula with a cable tie. Bags were removed whenever 
they were filled with digesta or at least every 30 min and 
stored at –20°C to prevent bacterial degradation. At the 
conclusion of each experimental period, frozen ileal and 
fecal samples were allowed to thaw at room temperature 
and pooled within animal, with a subsample collected 
for chemical analysis. Ileal subsamples were lyophilized 
before chemical analysis. Fecal subsamples were oven 
dried in a convection oven at 65°C to constant weight 
(Jacobs et al., 2011). After drying, feed, ileal, and fecal 
subsamples were ground through a 1-mm screen before 
chemical analysis.
Chemical Analysis
Samples of diets and feed ingredients were analyzed 
for DM (method 930.15; AOAC, 2007), ether extract 
(EE; method 920.39; AOAC, 2007), starch (method 
996.11; AOAC, 2007), ADF (Goering and Van Soest, 
1970), NDF (Van Soest and Robertson, 1980), total di-
etary fiber (TDF; method 985.29; AOAC, 2007), and N 
(method 968.06; AOAC, 1990). Crude protein was cal-
culated as N × 6.25 and Gly was used as the calibration 
standard (N content 18.7%; Fisher Scientific, Fair Lawn, 
NJ) and was determined to contain 18.7 ± 0.2% N. The 9 
ingredients were analyzed for total constituent monosac-
charides in NSP and insoluble NSP by GLC (Englyst and 
Hudson, 1987). Ileal digesta and fecal samples were also 
analyzed for DM, NDF, and N. The GE of diets, feed in-
gredients, ileal digesta, and feces was analyzed by bomb 
calorimetry (Parr 6200 calorimeter; Parr Instruments 
Co., Moline, IL). Benzoic acid (6,318 kcal GE/kg; Parr 
Instruments Co.) was used as the standard for calibration 
and was determined to contain 6,324 ± 9.8 kcal GE/kg. 
Diets, feed ingredients, and ileal digesta were analyzed 
for AA (University of Missouri Agriculture Experiment 
Station Chemical Laboratories, Columbia, MO) accord-
ing to method 982.30 E (a, b, c; AOAC, 2007). Chromic 
oxide was determined in diets, ileal digesta, and fecal 
subsamples using the method of Fenton and Fenton 
(1979) and absorption was measured at 440 nm using a 
spectrophotometer (Synergy 4; BioTek, Winooski, VT). 
Chromic oxide standard samples were assayed to con-
firm the accuracy of the analytical procedure, and a re-
covery of 100.8 ± 1.95% was attained.
Calculations
For each dietary treatment, the apparent ileal di-
gestibility (AID) and apparent total tract digestibil-
ity (ATTD) of DM, GE, and NDF and the AID of AA 
were calculated using the index method (Oresanya et al., 
2008). The difference procedure was used to calculate 
the AID and ATTD of DM, GE, and NDF and the AID 
of AA of each ingredient (Adeola, 2001). The DE value 
was determined by multiplying the GE by the observed 
ATTD of GE of the ingredient, and the ME was esti-
mated from the calculated DE and CP of the ingredient 
(Noblet and Perez, 1993).
Effects of DF concentration in feed ingredients were 
determined using 11 different DF components: 1) ADF; 
2) NDF; 3) TDF; 4) hemicellulose (NDF – ADF); 5) to-
tal NSP; concentrations of 5 monosaccharide residues 
that can be detected in NSP, namely, 6) NSP arabinose, 
7) NSP xylose, 8) NSP mannose, 9) NSP glucose, 10) 
NSP galactose, and 10) arabinoxylan; and 11) total NSP 
(sum of monosaccharide residue in NSP).
Traits were grouped into 4 categories to simplify 
statistical analysis of data as follows: 1) AID, including 
AID of DM, GE, and NDF; 2) ATTD, including ATTD 
of DM, GE, and NDF; 3) AID of AA, including AID of 
Lys, Thr, Met, Met + Cys, Trp, and average of all dis-
pensable and all indispensable AA; and 4) energy con-
centration, including DE and ME values.
Statistical Analyses
Analysis of Ingredient and Normality Test. The 
data were analyzed in a mixed model including the fixed 
effect of ingredient (I) and the random effects of period 
and pig following the model
( )ijkl i j k ij k lY P A e= + + + +µ τ , [1]
in which Yijkl is the observed values for the trait, μ is the 
overall mean, τi is the effect of the ith ingredient (i = 1 
to 9), Pj is the effect of the jth period (j = 1 to 4, [0,σp
2]), 
Ak is the effect of the kth experimental unit (k = 1 to 20, 
[0,σa
2]), and eij(k)l is the random error associated with 
Yijkl (l = 2 to 4, [0,σe
2]).
Studentized residuals were generated from Eq. [1] 
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the Shapiro-Wilk’s test reached P > 0.05 and studentized 
residual fell within ±3σ. The effect of Ingred was tested 
including the Kenward-Roger degrees-of-freedom ap-
proximation. Least squares means for Ingred were es-
timated and compared using the Tukey-Kramer adjust-
ment. The effect of Ingred and multiple comparison dif-
ferences were deemed significant at P ≤ 0.05.
Analysis of Dietary Fiber Concentration in 
Ingredients. An alternative method was proposed by 
including the effect of DF concentration of the ingredi-
ent in the model. The 11 different DF components were 
evaluated using a modified version of Eq. [1]. In this 
alternative model the linear, quadratic, and cubic effects 
of DF concentration instead of Ingred were included, 
following the model
Y X X
X P A e
ijkl i i
i j k ij k l
= + +









in which Yijkl, μ, Pj, Ak, and eij(k)l are the same as defined 
in Eq. [1] and β1, β2, and β3 are the linear, quadratic, and 




Comparison between Fiber Models and Ingredient. 
The goodness-of-fit of Eq. [2] was assessed for all DF 
components to identify the DF component that best fits 
the trait categories and then compared to the model fit 
using Ingred (Eq. [1]). The Akaike information criterion 
(AIC) was used to measure the goodness-of-fit of these 
models. The AIC values were calculated using maxi-
mum-likelihood estimation to compare models with dif-
ferent fixed effects (Bolker et al., 2009)
The best fitting DF component, that is, the DF model 
that resulted in the lowest AIC statistics within a trait 
category, was obtained by ranking the AIC values of 
each trait within category. The overall fit of the 11 DF 
components within category was assessed as the aver-
age ranking of the assays. The assay showing the best fit 
within category was then compared to the goodness-of-
fit when using Ingred for each trait.
Regression Equations of the Best Dietary Fiber 
Component and Loss of Predictability. The linear, qua-
dratic, and cubic effects of DF concentration in Eq. [2] 
were tested for and kept in the model according to the 
significance of the highest order term. To assess the loss 
in predictability of the DF concentration models com-
pared to the Ingred, the residuals obtained from Eq. [2] 
were further analyzed including only the fixed effect of 
Ingred in the model without the intercept. The variance 
explained by the DF concentration using the best fitting 
DF component in Eq. [2] was compared to the variance 
explained by Ingred using the R2 for linear mixed mod-
els (R2LMM(m); Nakagawa and Schielzeth, 2013) as
2 2 2 2 2 2
LMM( ) /m f f p a eR = + + +σ σ σ σ σ , [3]
in which σf
2 is the variance calculated from the fixed 
effect (concentration of the best fitting DF component) 




2 are the period, experimental unit, and re-
sidual variances. For simplicity, R2LMM(m) will hereafter 
be referred to as R2fiber. Similarly, the variance due to 
Ingred (σi
2) was calculated on the residuals of Eq. [2] 
and computed an R2 using the same variance compo-
nents as in Eq. [3] but σf
2 as
2 2 2 2 2/Ingre i p a edR = + +σ σ σ σ . [4] 
The advantage of this sequential approach is that it 
measures the variance explained by Ingred on the por-
tion of the variance not explained by the DF concentra-
tion, allowing the direct comparison of these 2 R2. The 
loss in predictability of the DF concentration in place of 





All statistical analyses were performed using SAS 9.3 
(SAS Inst., Inc., Cary, NC).
RESULTS AND DISCUSSION
Nutrient Composition of Corn Coproducts
All pigs were successfully cannulated at the distal 
ileum and recovered from surgery without complica-
tions. Corn coproducts came from the same source but 
different batches, as in Anderson et al. (2012), and the 
analyzed composition was similar (Table 2). Extensive 
variation in nutrient composition was observed among 
ingredients, reflecting the diversity of the selected co-
products and the manufacturing processes used.
The NDF and TDF concentration of DDGS was close 
to values reported in the literature (Stein et al., 2006; 
Anderson et al., 2012; NRC, 2012) and was similar to the 
NDF and TDF concentration in HP-DDG. The concentra-
tion of NDF and TDF in HP-DDG was expected to be less 
than in the 3 sources of DDGS, because the bran is sepa-
rated from the corn kernel during HP-DDG production. 
However, the bran may have been added back to the HP-
DDG after production, which is supported by the higher 
concentration of NSP glucose residue in HP-DDG than in 
the 3 sources of DDGS, because bran is rich in cellulose 
and therefore has a high concentration of NSP glucose. The 
NDF concentration in HP-DDG was similar to values re-
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16 to 41% depending on the manufacturing process used 
(Widmer et al., 2007; Robinson et al., 2008; Kim et al., 
2009). The DF concentration varied among similar coprod-
ucts such as CB-S and CB. In CB-S, solubles remaining 
from the corn-ethanol distillation process were added to the 
corn bran and the NDF and TDF concentration were half of 
previously reported values for corn bran without solubles 
(Sauvant et al., 2004; Anderson et al., 2012). The NDF 
concentration of CGmM (46.2%) and CGnM (12.1%) was 
similar to previously reported values (Almeida et al., 2011; 
Anderson et al., 2012; NRC, 2012). The NDF concentra-
tion in CGnM was, however, greater than values reported 
by Sauvant et al. (2004) and NRC (2012).
In theory, TDF should be higher than NDF because 
soluble DF components are lost in NDF due to solubi-
lization with the neutral detergents. The TDF to NDF 
ratio in CB, CB-S, and DDGS-CV was 1.05, 1.11, and 
1.03, respectively, but in the remaining 6 ingredients 
ranged from 0.61 in DDC to 0.95 in CGmM. Urriola 
et al. (2010) reported lesser TDF than NDF values in 8 
sources of corn DDGS, with TDF to NDF ratios rang-
ing from 0.79 to 0.91. In corn and coproducts, however, 
most of the DF is insoluble and a reasonable relative 
agreement between NDF and TDF is expected as they 
are supposed to measure the same chemical entities. 
Although only 3 ingredients showed greater TDF than 
Table 2. Analyzed nutrient composition of ingredients (as-fed basis)
Item
Ingredient1
CB-S CB DDGS-CV DDGS-RO DDGS-BPX HP-DDG DDC CGmM CGnM
DM, % 95.3 80.9 89.4 90.1 91.5 93.9 90.1 91.9 92.1
GE, Mcal/kg 4.58 3.68 4.77 4.72 4.74 4.88 3.86 4.33 5.06
Ether extract, % 7.9 1.2 9.9 8.8 8.3 3.2 1.1 3.1 1.5
Starch, % 19.0 21.1 2.8 2.9 5.2 8.2 68.5 16.4 12.0
ADF, % 5.1 10.5 9.2 14.3 7.9 11.8 0.4 11.5 7.0
NDF, % 22.7 40.6 34.5 38.7 30.8 31.1 3.8 46.2 12.1
Hemicellulose,2 % 17.6 30.1 25.3 24.4 22.9 19.3 3.4 34.7 5.1
TDF,3 % 25.3 42.5 32.6 32.9 29.1 28.9 2.3 44.1 8.8
I-NSP,4 %
Arabinose 3.4 8 4.7 4.1 4.4 3.8 0.5 10.4 0.8
Xylose 5.9 14.4 5.9 6.1 6.3 4.9 0.4 9.9 0.7
Mannose 0.1 0.3 0.6 0.5 0.7 1.3 – 0.3 –
Glucose 5.3 11.7 6.9 6.6 7.3 8.6 0.2 10.8 1.4
Galactose 1.1 2.4 1.3 1 1.2 0.8 – 2 0.6
Total insoluble 15.7 36.8 19.2 18.2 19.9 19.3 1.1 33.5 3.5
S-NSP,5 %
Arabinose 0.1 –0.1 0.2 2.2 0.5 0.3 –0.1 5.4 0.3
Xylose 0.1 –0.2 – 1.9 0.1 0.2 – 3.5 0.2
Mannose 0.6 0.1 0.3 0.4 0.5 0.6 – –0.3 –
Glucose 0.4 0.5 0.5 1.7 0.8 1.1 0.1 1.5 0.4
Galactose 0.1 – – 0.5 0.2 0.2 – 0.8 0.5
Total soluble 1.4 0.2 1.2 6.8 2.1 2.6 – 10.9 1.4
T-NSP,6 %
Arabinose 3.5 7.9 4.9 6.3 4.9 4.1 0.4 15.8 1.1
Xylose 6 14.2 5.9 8 6.4 5.1 0.4 13.4 0.9
Mannose 0.7 0.4 0.9 0.9 1.2 1.9 0 0 0.1
Glucose 5.7 12.2 7.4 8.3 8.1 9.7 0.3 12.3 1.8
Galactose 1.2 2.4 1.3 1.5 1.4 1 0 2.8 1.1
Total NSP,7 % 17.1 37.0 20.4 25.0 22.0 21.9 1.1 44.4 4.9
Total arabinoxylan,8 % 9.5 22.1 10.8 14.3 11.3 9.2 0.8 29.2 2.0
1CB-S = corn bran with solubles; CB = corn bran; DDGS-CV = cooked corn distillers dried grains with solubles (DDGS); DDGS-RO = reduced oil DDGS; DDGS-
BPX = uncooked DDGS; HP-DDG = high protein distillers dried grains; DDC = dehulled, degermed corn; CGmM = corn germ meal; CGnM = corn gluten meal.
2Hemicelluose = NDF – ADF.
3TDF = total dietary fiber. 
4I-NSP = insoluble monosaccharide residues nonstarch polysaccharides (NSP), as percent of the ingredient.
5S-NSP = soluble monosaccharide residues in NSP, as percent of the ingredient. S-NSP = T-NSP – I-NSP.
6T-NSP = total monosaccharide residues in NSP, as percent of the ingredient.
7Total NSP = sum of T-NSP monosaccharide residues.
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NDF concentrations, values of TDF and NDF were simi-
lar overall in the present study, with the exception of 
DDC. Comparable differences between TDF and NDF 
values have been previously documented. The TDF to 
NDF ratios reported by Anderson et al. (2012) for CB 
(0.94), CB-S (1.06), DDGS (0.79 to 1.07), HP-DDG 
(0.66 to 0.98), CGnM (0.75), and DDC (0.61) agree with 
the TDF and NDF values and variation reported in the 
present study. Likewise, Campbell et al. (1997) reported 
differences between TDF and NDF concentrations in 
feed ingredients with high concentration of insoluble DF 
such as corn bran (0.90), rice bran (0.94), peanut hulls 
(0.97), and solka floc (1.07).
Total NSP values were lower but followed the same 
concentration pattern as NDF and TDF values, with the 
exception of CGmM. The NSP to TDF ratio ranged from 
0.48 in DDC to 0.87 in CB but was 1.01 for CGmM. 
Total NSP values were expected to be lower than TDF 
values because lignin is included in the latter. However, 
similar variation in NSP to TDF ratios was observed 
in feed ingredients rich in insoluble DF content, with 
NSP to TDF ratios of 0.52, 0.55, 0.61, and 0.75 for solka 
floc, peanut hulls, corn bran, and rice bran, respectively 
(Campbell et al., 1997).
The inconsistency between expected and observed 
NDF, TDF, and NSP ratios reported in the literature and 
in the present study may be caused by differences in the 
nature of the analytical procedures used (acid and neutral 
detergents, enzymatic–gravimetric, enzymatic–chemi-
cal etc.). For example, TDF values determined in feed 
ingredients rich in insoluble DF by Prosky-TDF (enzy-
matic–gravimetric; Prosky et al., 1985) or Uppsala-TDF 
(enzymatic–chemical; Theander et al., 1995) showed 
differences between the 2 TDF values in corn bran (53.5 
vs. 42.8), rice bran (17.2 vs. 21.3), peanut hulls (76 vs. 
73.4), or solka floc (96.2 vs. 43; Campbell et al., 1997). 
Discrepancies may be exacerbated by low DF concen-
tration in the feed ingredient, as observed in DDC.
The analysis of monosaccharide residues of NSP 
indicated that glucose was the most prevalent residue 
followed by xylose, arabinose, galactose, and mannose. 
Insoluble monosaccharide residues composed the ma-
jority of total NSP in all 9 corn coproducts. In DDGS-
RO, CGmM, and CGnM, however, about a third of total 
NSP were soluble. The total NSP, monosaccharide resi-
dues of NSP, and insoluble NSP observed for DDGS in 
the present study agree with the concentrations reported 
by Widyaratne and Zijlstra (2007). The monosaccharide 
composition relates structurally to the polysaccharides 
forming the NSP of corn coproducts, such as arabinox-
ylans, cellulose, and galactomannans (Bach Knudsen, 
1997; Choct, 2002).
The CP (7.5 to 59.5%) and AA concentrations var-
ied among corn coproducts, with CGnM exhibiting the 
greatest values for CP and each AA, contrasting with 
CB-S, CB, and DDC (Table 3). As expected, the AA 
concentrations in HP-DDG were greater than in DDGS 
and in agreement with data published for HP-DDG 
(Widmer et al., 2007; Kim et al., 2009; NRC, 2012). 
The range in AA composition noted for DDGS was also 
similar to data published in the literature (Spiehs et al., 
2002; Almeida et al., 2011; NRC, 2012). In CGmM and 
CGnM, the CP (20.6 and 59.5%, respectively) and AA 
concentrations were close to expected values (Almeida 
et al., 2011; NRC, 2012).
Apparent Ileal Digestibility of Traits  
and Energy Concentrations
The AID and ATTD of GE and DM differed (P < 
0.05) among ingredients (Table 4). Because most of the 
DM in DDC and in CGnM is starch and protein, respec-
tively, the AID of GE and DM were the greatest (P < 
0.05) among all ingredients. The AID of GE and DM 
were similar (P > 0.05) in the 4 sources of DDGS and 
both corn brans.
As expected, the ATTD of GE in both DDC (99.6%) 
and CGnM (91.6%) were the greatest (P < 0.05). In con-
trast, the ATTD of GE and DM in CB-S and CB were 
the lowest but similar to the observed AID values, mean-
ing that both ingredients were highly resistant to hind-
gut fermentation. The observed ATTD of GE and DM of 
DDGS, CGmM, and CGnM are in agreement with values 
reported previously (Stein et al., 2006; Rojas and Stein, 
2013). The ATTD of GE and DM of HP-DDG were, 
however, less than values obtained previously for HP-
DDG (Widmer et al., 2007; Kim et al., 2009), which may 
be explained by the greater DF concentration caused by 
the added bran in the HP-DDG used in this study.
The apparent digestibility of NDF, on the other hand, 
did not differ at the ileal level (P = 0.11) but differed 
(P < 0.05) at the total tract level among ingredients. The 
difference between AID and ATTD of NDF values ob-
served for the 3 DDGS sources indicated that approxi-
mately 18% of the NDF was fermented in the hindgut, 
which is in agreement with data reported by Urriola et al. 
(2010). In CB-S and CB, however, values of ATTD of 
NDF were lower than AID values. Unreliable values of 
AID of DF have been previously reported in wheat bran 
(Graham et al., 1986; Jorgensen et al., 1996) and in low 
and medium fiber diets (Wilfart et al., 2007), which was 
attributed to a combination of sampling or analytical er-
rors and the relatively high variability of results. Partial 
separation of DF components and Cr2O3 as they flow 
through the digestive tract may also negatively affect the 
reliability of estimation of DF digestibility (Graham and 
Åman, 1986). Additionally, the ATTD of NDF in DDC 
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Table 3. Analyzed AA concentration (%) of ingredients (as-fed basis)
Item, %
Ingredient1
CB-S CB DDGS-CV DDGS-RO DDGS-BPX HP-DDG DDC CGmM CGnM
CP 13.0 7.5 25.4 24. 5 25.5 36.5 7.6 20.6 59.5
Indispensable AA
Arg 0.7 0.5 1.3 1.3 1.3 1.5 0.3 1.5 2.2
His 0.4 0.3 0.7 0.8 0.8 1.1 0.2 0.7 1.3
Ile 0.5 0.3 1.0 1.1 1.0 1.8 0.3 0.8 2.6
Leu 1.2 0.9 3.1 3.7 3.1 6.0 1.1 1.8 9.8
Lys 0.6 0.5 1.1 0.9 1.0 1.3 0.2 1.1 1.3
Met 0.2 0.2 0.5 0.6 0.5 0.9 0.1 0.4 1.3
Phe 0.5 0.4 1.4 1.4 1.2 2.2 0.4 0.9 3.8
Thr 0.6 0.4 1.0 1.1 1.0 1.5 0.2 0.8 2.0
Trp 0.1 0.1 0.2 0.2 0.2 0.1 0.1 0.2 0.2
Val 0.7 0.5 1.4 1.6 1.4 2.2 0.3 1.3 2.9
Dispensable AA2 6.9 4.8 13.6 15.8 13.9 22.8 4.3 10.0 35.0
-9*All AA3 12.5 8.6 25.2 28.4 25.3 41.2 7.4 19.4 62.4
1CB-S = corn bran with solubles; CB = corn bran; DDGS-CV = cooked corn distillers dried grains with solubles (DDGS); DDGS-RO = reduced oil DDGS; DDGS-
BPX = uncooked DDGS; HP-DDG = high protein distillers dried grains; DDC = dehulled, degermed corn; CGmM = corn germ meal; CGnM = corn gluten meal.
2Sum of all dispensable AA.
3Sum of all indispensable and dispensable AA.
Table 4. Apparent ileal digestibility (AID) and apparent total tract digestibility (ATTD) traits of ingredients1
Item
Ingredient2 Pooled 
SEM P-valueCB-S CB DDGS-CV DDGS-RO DDGS-BPX HP-DDG DDC CGmM CGnM
AID, %
GE 52.1b 46.7bc 55.1b 48.5bc 53.9b 52.8b 84.4a 30.9c 75.8a 4.00 <0.01
DM 46.5b 41.5b 47.0b 40.7b 45.8b 48.4b 87.8a 29.5c 74.7a 4.45 <0.01
NDF 19.8 19.5 32.4 42.0 28.8 38.7 20.4 28.0 61.0 11.12 0.11
ATTD, %
GE 53.4d 40.3e 72.1b 64.8bc 67.6bc 70.7bc 99.6a 63.2c 91.6a 1.99 <0.01
DM 52.3e 39.9f 68.6cd 61.9d 64.9cd 71.9c 101.7a 67.0cd 91.5b 2.01 <0.01
NDF 8.5d 6.0d 58.2c 50.7c 49.4c 67.7c 136.8a 73.0bc 94.3b 6.19 <0.01
AID of AA, %
Arg 74.4ab 65.6ab 80.0ab 82.4ab 71.5ab 59.6b 67.2ab 79.0ab 86.5a 5.98 0.03
His 61.3bc 56.2c 73.7ab 71.8abc 65.5abc 63.9bc 74.6ab 62.1bc 81.2a 3.74 <0.01
Ile 56.7bc 49.6c 67.7bc 73.2ab 60.4bc 62.9bc 71.1ab 60.9bc 86.6a 4.14 <0.01
Leu 66.7cde 60.8e 80.9ab 79.2ab 77.1bc 75.9bcd 84.6ab 63.2de 90.4a 2.81 <0.01
Lys 35.9ab 35.9ab 51.7ab 51.3ab 40.0ab 44.5ab 20.2b 54.4ab 65.5a 4.46 <0.01
Met 68.8cd 61.7d 78.3bc 81.4ab 75.2bc 73.3bcd 80.1bc 70.5bcd 92.4a 2.55 <0.01
Phe 59.0d 55.6d 75.2abc 76.2abc 68.2cd 70.3bcd 84.0ab 66.0cd 88.5a 3.49 <0.01
Thr 50.3bc 33.3c 66.0ab 66.3ab 54.4bc 54.6bc 62.0ab 46.1bc 79.3a 5.42 <0.01
Trp 35.0bc 16.9c 55.1ab 58.5ab 51.8abc 37.9bc 46.0bc 58.6ab 76.2a 5.67 <0.01
Val 52.1bc 42.2c 67.7ab 70.3ab 60.5bc 60.4bc 67.1ab 61.8bc 85.6a 4.96 <0.01
Indispensable3 58.4cd 50.6d 72.4abc 73.4abc 65.3bcd 65.9bcd 74.7ab 63.3bcd 86.6a 3.54 <0.01
Dispensable4 58.5bc 44.4c 69.0ab 69.9ab 68.1ab 64.2abc 53.9bc 52.4bc 82.0a 6.08 <0.01
All AA5 57.8bc 47.2c 70.6ab 71.6ab 66.9b 65.0b 60.2bc 57.6bc 84.1a 4.39 <0.01
a,bMeans within a row lacking a common superscript letter are different (P < 0.05).
1Least squares means of 8 pigs per ingredient.
2CB-S = corn bran with solubles; CB = corn bran; DDGS-CV = cooked corn distillers dried grains with solubles (DDGS); DDGS-RO = reduced oil DDGS; DDGS-
BPX = uncooked DDGS; HP-DDG = high protein distillers dried grains; DDC = dehulled, degermed corn; CGmM = corn germ meal; CGnM = corn gluten meal.
3Average AID for all indispensable AA.
4Average AID for all dispensable AA.
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to accurately estimate the AID and ATTD of a nutrient 
present in low concentrations in the tested ingredient, 
because the nutrient value is calculated by difference 
and the analytical methods may not be precise enough 
to determine small nutrient concentrations.
The observed AID of all indispensable AA differed 
(P < 0.05) among ingredients. Values of AID of indis-
pensable AA in DDGS determined in the present experi-
ment were close to previously published data (Stein et 
al., 2006; Urriola et al., 2009; NRC, 2012). For CGmM 
and CGnM, the AID of indispensable AA concurs with 
previously published values (Almeida et al., 2011; NRC, 
2012) but is slightly less than European values (Sauvant 
et al., 2004). Additionally, the AID of indispensable AA 
in HP-DDG are less than values reported by Widmer et 
al. (2007) and Kim et al. (2009), which may be a conse-
quence of the previously reported variability in nutrient 
composition of different sources of HP-DDG.
The observed DE and ME values differed (P < 0.05) 
among ingredients (Table 5). The DE and ME values 
were greatest (P < 0.05) for DDC and CGnM, because 
of their low DF and high concentrations of starch and 
CP, respectively. In contrast, the high DF concentration 
in CB, in addition to its low starch and EE, resulted in 
DE and ME to be less (P < 0.05) than the rest of corn 
coproducts. The high EE concentration in CB-S, on the 
other hand, caused its DE and ME content to be great-
er (P < 0.05) than in CB and similar to CGmM. The 
DE and ME of HP-DDG were similar to the values for 
DDGS-CV and DDGS-BPX. The lower EE in DDGS-
RO resulted in DE and ME being less (P < 0.05) than in 
DDGS-CV. Anderson et al. (2012) determined the DE 
and ME content on different batches of the same corn 
coproduct sources, but values were greater for CB-S, CB, 
DDGS-RO, HP-DDG, and CGmM. The discrepancy in 
DE and ME may originate from the fact that values in 
Anderson et al. (2012) were obtained by total collection 
of urine and feces from finishing gilts, whereas values in 
the present study were obtained by grab sampling of fe-
ces from growing pigs fed diets formulated with Cr2O3 
as an inert marker. Values of DE and ME observed in 
the present trial, however, agree with values available in 
the literature for CB (Sauvant et al., 2004), DDGS-CV 
(Stein et al., 2006; Pedersen et al., 2007), DDGS-BPX, 
DDC, and CGnM (Anderson et al., 2012), HP-DDG, 
and CGmM (NRC, 2012).
Best Fitting Fiber Component by Trait Categories
A best fitting DF component that better explains vari-
ation due to DF concentration was determined for each 
trait. The goodness-of-fit of the 11 selected fiber com-
ponents for each trait was assessed and ranked, showing 
that the variation in AID and ATTD traits, DE, and ME 
of corn coproducts was best explained by the concentra-
tion of monosaccharide residues in NSP, predominantly 
xylose and arabinose and their polymer arabinoxylan 
(Table 6). This finding suggests that the monosaccharide 
composition of DF in corn coproducts, which is ultimate-
ly defined by the polysaccharides they form, is a better 
predictor of the nutrient value of the ingredient than com-
monly used DF assays such as ADF, NDF, and TDF.
In corn and its coproducts, polymers of glucose and 
xylose are the most abundant NSP, organized mainly 
in the form of cellulose and arabinoxylans, respec-
tively (Bach Knudsen, 1997, 2001). Cellulose is a glu-
cose polymer and is the most abundant polysaccharide 
in corn cell walls. In spite of its high concentration in 
NSP, glucose was the best model fit for ATTD of NDF 
only. The effect of glucose concentration on ATTD of 
NDF may be related to the highly organized structure 
of the cellulose polymer, which is inaccessible to wa-
ter. Therefore, cellulose is usually less degraded than 
arabinoxylans in cereals but with a wide variability of 
degradability between structural components of the corn 
kernel (e.g., cellulose present in the bran vs. endosperm). 
Xylose is the backbone residue in arabinoxylan and to a 
varying degree substituted with arabinose. Xylose was a 
better fit than glucose or hemicellulose for most of the 
traits, implying that the xylose content in DF may relate 
to the nutrient value of corn coproducts better than cellu-
lose or hemicellulose. Cellulose and hemicellulose have 
been previously used to predict the ME of ingredients 
in pigs (Anderson et al., 2012) and chickens (Rochell et 
al., 2011). The microbial degradation of arabinoxylans 
varies substantially in different components of the corn 
Table 5. Digestible and metabolizable energy value of ingredients1
Item
Ingredient2 Pooled 
SEM P-valueCB-S CB DDGS-CV DDGS-RO DDGS-BPX HP-DDG DDC CGmM CGnM
As-fed basis, Mcal/kg
DE 2.45e 1.48f 3.58bc 3.19d 3.34cd 3.59bc 3.84b 2.74e 4.64a 0.09 <0.01
ME 2.39d 1.46e 3.40b 3,03c 3,17bc 3.33bc 3.79a 2,63d 4.07a 0.08 <0.01
a,bMeans within a row lacking a common superscript letter are different (P < 0.05).
1Least squares means of 8 pigs per ingredient.
2CB-S = corn bran with solubles; CB = corn bran; DDGS-CV = cooked corn distillers dried grains with solubles (DDGS); DDGS-RO = reduced oil DDGS; DDGS-
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kernel—from hardly anything in the pericarp and testa 
to almost 85 to 90% in the endosperm (Bach Knudsen, 
1997)—and may also encapsulate lipids and proteins in 
the aleurone layer of corn (Benamrouche et al., 2002), 
which may explain why NSP xylose and arabinoxylan 
were the best fit for the digestibility and energy value 
traits in the tested ingredients. Galactose was the best fit-
ting NSP monosaccharide for AID of Lys and the aver-
age of dispensable AA but ranked below NSP xylose for 
the rest of the AA. Mannose, on the other hand, forms 
the backbone of mannans, but they are rarely present in 
cereal grains (Choct, 1997) and hence its low concentra-
tion in corn coproducts. The lesser ranking of NSP ga-
lactose and NSP mannose, compared to the other mono-
saccharides, may be related to the low concentration and 
functionality of the polysaccharides they form.
To simplify the estimation of the effect of DF con-
centration and its adequacy to predict the nutrient value 
of the ingredient, a single best fitting DF component was 
selected for each category (Table 7). The arabinoxylan 
concentration was the best fitting DF component for AID 
of GE, DM, and NDF. The NSP xylose residue was, on 
the other hand, the best fitting DF component for the re-
maining 3 categories, including ATTD of GE, DM, and 
NDF, AID of AA, and DE and ME. Zijlstra et al. (1999) 
reported xylan to be a better predictor than NDF for dif-
ferences among wheat samples (Zijlstra et al., 1999). The 
comparison of the goodness-of-fit between the DF con-
centration and Ingred models showed that Ingred was bet-
ter than DF concentration for explaining variation in most 
traits. Dietary fiber concentration, however, showed a bet-
ter fit when used in the model for AID of GE (550.3) and 
DM (562.2), when compared to the models using Ingred 
(555.4 and 570.1, respectively). The effect of Ingred in 
the model includes the combined effects of other analyti-
cal components such as CP, EE, starch, minerals, and DF 
concentrations, which together can describe the variation 
in traits better than DF concentration alone. In prediction 
equations of DE and ME values of feed ingredients fed 
to swine, Noblet and Perez (1993) reported that the DE 
and ME values increased with the concentration CP and 
EE and decreased with the concentrations of minerals, 
crude fiber, NDF, or hemicellulose. Predictability usually 
increased as more chemical components were added to 
the model. Other prediction models of digestible nutrients 
and energy values have also been developed for feed in-
gredients based on their chemical composition (Anderson 
et al., 2012; Urriola et al., 2013).
Although the effect of DF concentration is not as 
good as the effect of Ingred to explain the variation, 
the DF concentration showed significant effect on 
most traits (Table 8). The arabinoxylan concentration, 
for example, showed a cubic effect on AID of GE (P 
= 0.02) and DM (P = 0.04). Similarly, the NSP xylose 
concentration showed a cubic effect (P < 0.01) on the 
ATTD of GE and DM; on the AID (P < 0.05) of Met, 
Met + Cys, Trp, and average of indispensable AA; and 
on the ME value (P < 0.01). Additionally, the DE was 
Table 6. Goodness-of-fit ranking of dietary fiber assays by trait
Trait2
Ranking of chemical analyses1
Best fit Second Third Fourth Fifth Sixth Seventh Eighth Ninth 10th Worst fit
AID
GE AraXyl Ara Hemi NSP NDF Xyl TDF Glc Gal ADF Man
DM AraXyl Ara Hemi NSP TDF Xyl NDF Glc Gal ADF Man
NDF TDF Gal ADF NDF NSP Xyl Glc Hemi AraXyl Man Ara
ATTD
GE Xyl AraXyl Glc NSP Ara TDF Hemi Gal NDF ADF Man
DM AraXyl Xyl Ara NSP Glc TDF Hemi Gal NDF Man ADF
NDF Glc Xyl AraXyl TDF Ara Gal NDF Hemi NSP Man ADF
AID of AA
Lys Gal ADF NDF TDF NSP AraXyl Ara Glc Hemi Xyl Man
Thr Xyl Glc NSP AraXyl TDF Gal Ara Hemi NDF ADF Man
Met Xyl NSP Glc AraXyl TDF Ara Hemi Gal NDF ADF Man
Met + Cys Xyl Glc NSP AraXyl TDF Hemi Ara Gal NDF ADF Man
Trp NSP Xyl AraXyl Ara TDF Man NDF Glc Hemi Gal ADF
Indispensable AA Xyl AraXyl NSP Glc TDF Ara Hemi Gal NDF Man ADF
Dispensable AA Gal TDF NSP Xyl Glc AraXyl Ara NDF Hemi ADF Man
Energy concentration, as-fed basis
DE Xyl AraXyl NSP Ara Gal TDF Glc Hemi NDF Man ADF
ME Xyl AraXyl NSP Ara Gal Glc TDF Hemi NDF Man ADF
1Monosaccharide residues in nonstarch polysaccharides (NSP): Ara = NSP arabinose; AraXyl = arabinoxylan; Gal = NSP galactose; Glc = NSP glucose; 
Hemi = hemicellulose. Man = NSP mannose; TDF = total dietary fiber; Xyl = NSP xylose. NSP is the total NSP.
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linearly affected (P = 0.02) by the NSP xylose concen-
tration. This finding agrees with previous data where 
the ATTD of energy, DM, and CP of complete diets 
decreased linearly with dietary increase of insoluble 
DF (Huisman et al., 1985; Noblet and Perez, 1993; Le 
Goff and Noblet, 2001). The AID of Lys and Thr in the 
present trial, however, was not affected (P > 0.05) by 
the NSP xylose concentration. The NSP xylose concen-
tration affected the AID and ATTD of NDF differently. 
The AID of NDF was not affected (P > 0.05), but a 
cubic effect (P < 0.01) was observed for ATTD of NDF 
with NSP xylose concentration.
Interestingly, the R2fiber showed a moderate to high 
predictability of GE and DM digestibility and of DE and 
ME values, from arabinoxylan or NSP xylose residue 
concentrations in the feed ingredient. The arabinoxylan 
concentration explained approximately 66% of the vari-
ance in AID of GE and DM, and the NSP xylose residue 
explained 80, 78, and 63% of the variance in ATTD of 
GE, DM, and NDF, respectively. The NSP xylose residue 
was able to explain 66 and 71% of the variability in DE 
and ME values, respectively. The increase in insoluble 
and low-fermentable DF concentration in the ingredient, 
at the expense of a highly digestible source of carbo-
hydrates, may explain why NSP and xylose concentra-
tion are good predictors of these traits. Predictability of 
AID of AA from the NSP xylose residue concentration 
was poorer, ranging from 0.11 in AID of Trp to 0.44 in 
AID of Met + Cys. These observations coincide with the 
lack of correlation (r ≈ 0.33) between the NDF content 
and the SID of Lys, Met, Thr, or Trp in DDGS reported 
by Urriola et al. (2013). The lower predictability of AID 
of AA maybe caused by the high insoluble to soluble 
DF concentration ratio in ingredients, because insoluble 
DF may have a lesser impact on the availability of AA 
than the soluble DF concentration (Urriola et al., 2013). 
Another contributing factor may be that some of the in-
gredients have been processed, therefore reducing the 
encapsulation of AA in intact cell structures, for exam-
ple, aleurone cells.
Assessment of Loss of Predictability
The R2fiber demonstrated that the DF concentration 
in corn coproducts is an acceptable predictor for most 
traits. However, a portion (model residuals) of the total 
predictable variance could not be explained by DF con-
centration but can be explained by the effect of Ingred. 
For the traits with significant effects of DF concen-
tration (Table 8), the residuals of these models were 
tested for the effect of Ingred and the portion of the 
variance explained by Ingred (R2Ingred) was determined 
(Table 9). The loss of predictability is the proportion 
of variance from the residuals of DF models that is ex-
plained by the effect of Ingred (R2Ingred) out of the total 
explainable variance (R2fiber + R
2
Ingred).
Ingredient did not affect (P > 0.05) the residuals of 
DF concentration models for AID of GE, DM, and Met + 
Cys, and therefore low R2Ingred (0.01, 0.01, and 0.07, re-
spectively) and minimum loss of predictability (0.02, 
0.01, and 0.13, respectively) values were observed. The 
effect of Ingred on these 3 traits did not account for more 
variation, because the concentration of arabinoxylan and 
NSP xylose residue explained the overwhelming major-
ity of the variation in AID of GE and DM and AID of 
Met + Cys, respectively.
In the remaining traits, however, Ingred affected 
(P < 0.05) the residuals of DF concentration models. 
Therefore, an additional portion of the variance not ex-
plained by DF concentration was accounted by the ef-
fect of Ingred (R2Ingred). In the case of AID of Trp, for 
instance, the R2Ingred was greater than the R
2
fiber and DF 
concentration showed the highest loss of predictability 
(0.59), indicating that DF concentration is not sufficient 
to explain the variation in this trait. The loss of predict-
ability, however, revealed that the share of the variance 
explained by Ingred after accounting for the effect of 
DF concentration was lower overall for the remaining 
traits, ranging from 0.14 in ATTD of GE to 0.27 in DE 
value. The fact that the loss of predictability was overall 
low, except for AID of Trp, indicates that the concentra-
Table 7. Goodness-of-fit for the best dietary fiber (DF) 







GE AraXyl3 546.9 555.4
DM AraXyl 561.0 570.1
NDF AraXyl 666.1 663.0
ATTD
GE Xylose 504.2 448.9
DM Xylose 513.7 450.1
NDF Xylose 649.8 593.2
AID of AA
Lys Xylose 569.5 556.1
Thr Xylose 592.8 585.9
Met Xylose 504.1 482.9
Met + Cys Xylose 553.4 551.0
Trp Xylose 578.7 561.1
Indispensable AA Xylose 548.7 537.6
Dispensable AA Xylose 574.7 564.4
Energy concentration, as-fed basis
DE Xylose 1,093.4 987.5
ME Xylose 1,065.2 981.7
1AIC = Akaike information criterion. Smaller is better.
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tion of arabinoxylan or NSP xylose residue explained 
the majority of the predictable variance and can be used 
to predict the AID of GE, DM, Met, and indispensable 
AA; the ATTD of GE, DM, and NDF; and DE and ME 
values without substantial loss of predictability.
In conclusion, extensive variation was observed in 
digestibility of energy, DF, and indispensable AA and on 
DE and ME in a wide variety of corn coproducts. Part of 
the variation is explained by differences in the DF con-
centration in these ingredients. The arabinoxylan and 
NSP xylose residue were the DF components that best 
explained variation due to DF concentration and can 
therefore be used to explain digestibility of energy, DM, 
and NDF and of DE and ME values in corn coproducts 
without substantial loss of predictability. The AID of Lys 
and most AA was not predictable from the DF concen-
tration in corn coproducts.
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